P soriasis (Pso) has been linked to a number of different comorbid health conditions, including cardiovascular 1,2 and rheumatologic disorders [3] [4] [5] and serious infections. 6, 7 Previous studies found conflicting results about the association between Pso, osteoporosis, and fractures. Some studies found an association between Pso and osteoporosis. 8 Others found no association between Pso and bone mineral density (BMD) 9, 10 and osteoporosis. 11 Several studies found conflicting results about whether BMD was significantly decreased in psoriatic arthritis (PsA). [12] [13] [14] [15] [16] Indeed, patients with Pso and PsA have risk factors for decreased BMD, including low vitamin D, 17 chronic inflammation, 18 high rates of cigarette smoking, 19 and systemic corticosteroid usage. Osteopenia and osteoporosis are associated with amplified risk for fractures, 20 which are in turn associated with increased morbidity and mortality. 21 However, numerous clinical factors contribute to fracture risk independent of BMD, including age, smoking, 19 excessive alcohol intake, 22 rheumatoid arthritis, 5 and ankylosing spondylitis (AS), 23 which have been previously linked with Pso. We hypothesized that patients with Pso and PsA are at high risk for osteoporosis and pathological fractures. In the present study, we sought to determine whether Pso and PsA are associated with osteoporosis and fractures in US adults.
METHODS
Data were analyzed from the 2006-2012 Nationwide Emergency Department Sample (NEDS). NEDS contains all ED visits from a stratified sample of 20% of US hospital-based EDs. Sample weights were created to reflect the sampling design, providing representative estimates of all ED visits nationwide. Patient consent was not obtained as the databases were deidentified when received. This study was approved by the Institutional Review Board at Northwestern University.
Pso and PsA were identified using International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) codes (696.0 and 696.1) from all listed discharge diagnoses. These codes have previously been validated. 24 The ICD-9-CM codes for identifying different outcomes are presented in Supplemental Table I (available at https:// data.mendeley.com/datasets/w925zmzsd4/1).
Data analysis
Data processing and statistical analyses were performed with SAS version 9.4 (SAS Institute, Cary, NC). Baseline characteristics of patients with and without Pso and PsA were determined using SURVEY procedures adjusting for survey weighting, sampling clustering, and strata. Summary statistics were determined, including sum, mean, standard deviation, minimum, maximum, and median, for the total price of ED care, disposition from the ED, procedures performed in the ED, total charge of ED and inpatient care if admitted, and average length of inpatient care if admitted.
Logistic regression models were constructed with Pso or PsA as the independent variables. The dependent variables were osteoporosis, osteopenia, osteomalacia, AS, and specific type of fractures. Models were constructed for each year individually and in pooled analysis by merging the data sets and dividing the sampling weights by the number of years (n = 7). Multivariate models included age (continuous), sex (male or female), primary payer (private, government [including Medicare/Medicaid], self pay, no charge, or other), and income percentile (\75th or $75th). Data on race and ethnicity were not available within NEDS. 25 To determine other predictors of fractures in patients with Pso, we constructed multivariate logistic regression models using stepwise selection (alpha = 0.05) with diagnosis of any fractures as the dependent variable and 8 independent variables. Complete case-analysis was performed. Post hoc correction for multiple dependent tests was performed by minimizing the false discovery rate with the approach of Benjamini and Hochberg 26 and corrected P values are presented. Two-sided, corrected P values #.05 were considered significant.
RESULTS

Study characteristics
There (Table I) . 27, 28 Patients with PsA were also older (mean 6 standard deviation, 56.1 6 0.2 vs 38. 4 (Table II and Supplemental Table IV ; available at https://data.mendeley.com/datasets/w925zmzsd4/1). Similarly, PsA was associated with significantly higher odds of AS, osteopenia, and osteoporosis (Table II  and Supplemental Table V ; available at https://data. mendeley.com/datasets/w925zmzsd4/1).
There were consistent sex differences in associations of Pso and PsA with osteopenia, osteoporosis, and AS. Prevalences of osteopenia and osteoporosis were significantly higher in both men and women with Pso than in those without Pso (overall and in all 7 years); however, the prevalences of osteopenia (men with and without Pso, 0.31% vs 0.08%; women with and without Pso, 1.07 vs 0.31%) and osteoporosis (men with and without Pso, 0.97% vs 0.19%; women with and without Pso, 5.86 vs 1.31%) were increased in women with Pso (Fig 1) . Osteomalacia was increased overall in women with Pso compared with those without Pso (0.01% vs 0.001%), particularly in 5 of 7 years, but it was not increased overall in men (0.0006% vs 0.0007%) and was increased in only 2 of 7 years for men. In contrast, the prevalences of AS were increased in both men and women with Pso than in those without Pso (men with and without Pso, 0.25% vs 0.02%; women with and without Pso, 0.15% vs 0.006%) but was more common in men with and without the disease overall and in all 7 years.
Prevalences of osteopenia were higher in both men and women with PsA than in those without PsA in all 7 years, but the prevalence of osteopenia was much higher among women with PsA than men with PsA (men with and without PsA, 0.63% vs 0.08%; women with and without PsA, 1.37% vs 0.22%). Prevalence of osteoporosis among women with PsA was higher than that among men with PsA and men and women without PsA overall (men with and without PsA, 1.55% vs 0.19%; women with and without PsA, 6.70% vs 1.32%) and in all 7 years; prevalence of osteoporosis among men with PsA was comparable to that seen among women without PsA. Prevalences of AS were higher among men and women with PsA than those without and were higher among men with the disease than women overall (men with and without PsA, 0.91% vs 0.02%; women with and without PsA, 0.57% vs 0.006%) and in 6 of 7 years (Supplemental Fig 1; available at http:// www.jaad.org).
Pathological fractures
Pso and PsA were associated with pathological fractures in each of the 7 years available and overall (pooled aOR; 2.35, 95% CI 2.19-2.50 and 3.40, 95% CI 2.60-4.20, respectively). In particular, Pso was positively associated with fractures of the vertebrae, pelvis, femur, tibia, and fibula but inversely associated with fractures of the humerus, ulna and radius, and hand and wrist. Similarly, PsA was positively associated with stress fractures and fractures of the vertebrae, pelvis, and femur but inversely associated with fractures of the ulna and radius and hand and wrist.
There were consistent sex differences in associations of Pso and PsA with pathological fractures overall, particularly stress fractures and fractures of the vertebrae, humerus, pelvis, femur, tibia, and fibula. Prevalences of pathological fractures and fractures of the vertebrae, pelvis, femur, tibia, and fibula were significantly higher in both men and women with Pso than in those without Pso overall and in all years; however, the prevalences of stress fractures and fractures of the vertebrae, humerus, pelvis, and femur were highest in women with Pso in all 7 years (Fig 1) . Similarly, prevalences of pathological fractures and fractures of the vertebrae, pelvis, femur, tibia, and fibula were highest in women with PsA in all years ( Supplemental Fig 1; available at http://www.jaad.org).
Additional predictors of fractures in patients with and without Pso are presented in Supplemental results (available at http://www.jaad.org).
Disposition and cost of care
Among patients without fracture, patients with Pso who presented to the ED had markedly higher rates of inpatient admission than those without Pso (range 51.2%-60.9% vs 14.0%-15.2%, respectively). Similarly, among patients with fractures, those who also had Pso had higher rates of inpatient admission than those without fractures (range 70.5%-83.5% vs 24.8%-25.7%, respectively). These patterns were observed consistently across all 7 years (Fig 2) . Similar patterns were observed in patients with PsA ( Supplemental Fig 2; available at http://www.jaad.org). The mean length of stay for patients with Pso and fractures who required inpatient admission ranged from 5.09-5.97 days (Supplemental Table VI ; available at https://data. mendeley.com/datasets/w925zmzsd4/1) compared with 5.65-6.01 days for those without psoriatic disease. Most of the other Pso patients with fractures were discharged home from the ED, with ;1% being transferred to other facilities and negligible mortality. The mean adjusted cost of ED care per se was slightly higher for patients with a diagnosis of Pso compared with those without Pso across 2006-2012, albeit not with major differences ($2341 and $2290). Among patients with Pso, the mean y Micropolitan counties were defined as an urban cluster population between 10,000 and 49,999 people.
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J AM ACAD DERMATOL adjusted cost of ED care was consistently higher for patients with fractures than for those without fractures, albeit not with major differences ($2445 and $2237). Among patients requiring inpatient admission, those with fractures had a higher adjusted cost of care across all years compared with those without fracture (Fig 2) . Inflationadjusted cost of both ED and inpatient care both displayed a steady gradual increase from 2006-2012 among patients with Pso. Similar patterns were observed in patients with PsA ( Supplemental  Fig 2; available at http://www.jaad.org).
DISCUSSION
In the present study, we found higher rates of osteopenia, osteoporosis, osteomalacia, and AS in adults with Pso and PsA, which were reproducible across multiple study years. Osteopenia, osteoporosis, and osteomalacia were more common in women, whereas AS was more common in men with psoriatic disease. Pso and PsA were associated with higher rates of pathological fractures, particularly of the vertebrae, pelvis, femur, tibia, and fibula. Fractures occurring in psoriatic disease were associated with higher rates of hospitalization, prolonged hospitalization, and increased costs of care. Together, the results suggest that patients with psoriatic disease pose a substantial public health burden with respect to their increased risk for low BMD and fractures.
The results are consistent with smaller crosssectional studies that found an association of psoriatic disease with osteoporosis and increased fracture risk. 13, 15, 23 Increased risk for osteoporotic fractures in psoriatic disease is concerning because of their increased morbidity and mortality. In a 5-year prospective cohort study of 493 persons who sustained a low-trauma fracture, mortality was increased in both men and women after fractures of the proximal femur, vertebrae, and other major fractures. 21 In the J AM ACAD DERMATOL VOLUME 76, NUMBER 6 present study, mortality rates in the ED and hospital setting were low in patients with psoriatic disease and fractures. Future studies are needed to determine the impact of osteoporotic fractures on longterm mortality risk in Pso. The hypothesized mechanism underlying the potential association between psoriatic disease and reduced BMD involves enhanced bone resorption secondary to increased concentrations of tumor necrosis factor a and interleukin 6.
18 If so, it is possible that systemic treatment options that reduce such inflammation, such as methotrexate or biologics, might actually reduce the risk for osteoporosis and fractures. On the other hand, some persons with psoriasis might be treated with systemic corticosteroids (despite not being recommended in the clinical guidelines for psoriasis management), which can adversely affect BMD resulting in osteoporosis and fractures. 29 Moreover, patients with Pso with extensive skin disease might use large quantities of topical corticosteroids, which might be absorbed and cause adverse systemic effects. 30, 31 Weightbearing physical activity is required for proper bone remodeling. 32 However, previous studies found that patients with Pso have lower cardiorespiratory fitness and might be less physically active. 33, 34 In the present study, Pso and PsA were inversely associated with fractures of the humerus, ulna and radius, and hand and wrist, which typically occur in younger more physically active patients. Thus, patients with psoriatic disease might be less likely to engage in physical activities that predispose them to such fractures. Encouraging psoriatic patients to engage in more weight-bearing, physical activities might improve bone remodeling and help lower their osteoporosis risk. In addition, patients with psoriatic disease have low vitamin D levels, 17 which might affect calcium metabolism and BMD. It is possible that vitamin D replacement therapy might mitigate the risk for osteoporosis and fractures in patients with Pso.
The results of the present study suggest that patients with psoriatic disease would benefit from increased surveillance for osteoporosis and strategies to minimize risk for osteoporosis and fractures.
It is unclear what the ideal approaches are in this respect and future studies are needed to clarify these points. However, some simple and low-cost interventions can be integrated into clinical practice. It appears that women, older patients, and those with PsA and AS are at highest risk. A cursory assessment of osteoporosis risk can be achieved by asking patients about their personal history of fractures, systemic corticosteroid use, rheumatoid or psoriatic arthritis, and AS. 35 Finally, referral for ageappropriate bone density monitoring and consideration of referral to an endocrinologist or other specialist may be appropriate in high-risk patients. Given the higher rates of hospitalization and increased cost of care for fractures in psoriatic disease, it appears that earlier intervention might reduce fracture risk and subsequent health care utilization.
This study has several strengths, including analysis of a representative cohort of ED, with 7 years of data encompassing nearly 198 million ED visits, with [183,000 patients with psoriatic disease. We were able to demonstrate the associations with osteoporosis and fractures across multiple study years, indicating good reproducibility. The ICD-9-CM code for Pso was previously validated and found it to have good reliability. 24, 36 Nevertheless, it is possible that some other dermatoses were misclassified as Pso. In addition, we corrected P values to J AM ACAD DERMATOL VOLUME 76, NUMBER 6 address concerns of multiple statistical testing. Limitations of this study included the lack of data on race and ethnicity, severity of Pso and PsA, and medication used within the NEDS, which are potential confounders. There is potential for misclassification of the diagnostic codes for osteoporosis and fractures. Also, diagnosis codes in the ED setting might not fully reflect a patient's complete medical history because it is possible a clinician might only list diagnoses that he or she directly addressed. This might bias the clinician to only document the more severe or immediately relevant comorbidities. However, this likely results in under-coding of psoriatic disease in the ED setting. Despite this, we still found strong associations of psoriatic disease with osteoporosis and fracture; we thus do not believe this to be a major limitation. Despite the very large overall sample size in the cohort, there were low frequencies for some of the outcomes, resulting in wide CIs. Finally, NEDS contains event-level records, not patient-level records. Thus, individual patients who visit the ED multiple times in one year might be present multiple times. However, we do not believe that this is a major limitation because each ED visit likely represented a distinct fracture.
In conclusion, both Pso and PsA are associated with osteopenia, osteoporosis, osteomalacia, AS, and multiple types of fractures, particularly pathological femoral, vertebral, pelvic, tibia, and fibula fractures. Further studies are needed to confirm these findings and determine the ideal approaches to prevent and treat these comorbidities.
